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Spodosols have been widely used for oil palm plantations, specifically in Kalimantan,
Indonesia. However, they are sub-optimal for agriculture due to a lack of water and
nutrient-holding capacity and a spodic layer that limits plant root development.
Therefore, proper agriculture practices are needed for oil palm to enhance its potential
yield. This study aims to determine the effect of the mounding technique on the
physiological performance and yield of oil palms in spodosol. The study location was well-
managed, with eight blocks of oil palm plantations planted in 2008 on spodosols (Typic
Haplohumod) in Central Kalimantan. The mounding technique was applied to four blocks
of oil palm planted in 2015, while the remaining four were left without mounding. The
parameters observed were soil moisture, transpiration, number of bunches, bunch
weight, and yield. The results showed that the average moisture in the mounded soil was
4% greater than the control. Additionally, the average daily transpiration of oil palm with
the mounding was up to 2.30 mm day* or three times higher than the control. The
implication was that the average yield of oil palm increased from approximately 1.84 to
3.71 tons ha? year? compared to no-mounding treatments. Furthermore, the average
yield was 19-66% higher than the block without the mounding application.
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1. INTRODUCTION

texture of sandy soil at its top reduces the ability to retain

Spodosols are soil formed from quartz sand as the parent
material, characterized by an albic horizon and an
accumulation of iron, aluminum, and or organic material
called a spodic layer (de Menezes et al., 2018; Syuhada et al.,
2014). They are widespread in cold, temperate, or wet
climates, and most of these soil types are discovered in
Russia, Northern Europe, and Canada (Wahjuni et al., 2021).
However, this soil type is also quite commonly observed in the
tropics. In Indonesia, spodosol covers an area of
approximately 2.16 million ha, about 1.1% of the entire
territory of the country (Agroklimat, 2000).

Spodosol is a nutrient-poor soil (Adiwiganda et al., 1993;
Syuhada et al., 2014). Physically, this soil is not suitable for
agriculture because the spodic layer can limit root growth.
Hence it is difficult for the root system to penetrate. The

water and nutrient (Surianto et al., 2015), hence, increasing
nutrient leaching and drought stress. This soil type could
inhibit oil palm growth due to poor drainage (Safitri et al.,
2018). Therefore, spodosol has a low potential for agricultural
business. However, with the lack of suitable land, this soil
type was widely used as agricultural land (Syarovy et al.,
2015). In addition, this soil type is very responsive to the
applied cultivation techniques (Leslie et al., 2015). Therefore,
if spodosol land management is carried out properly, it is
possible to obtain economic cash crop production.

The farmers in Malaysia have used this soil for cash crop
farming, such as maize and watermelon. Large-scale coconut
plantations have been expanding on the land (Mohd Yusoff et
al., 2017). It is also used in Indonesia for oil palm plantations
(Syarovy et al., 2015). However, the performance and yield of
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this crop on spodosols remain less than optimal due to a lack
of understanding of agricultural practices. Appropriate
agricultural practices are needed to maximize the
performance of oil palm plantations on this land. The
techniques required to improve the performance of this crop
in spodosols include adding soil ameliorants (Santoso et al.,
2015), improving the microclimate through cover crops
management, and proper fertilization (Syarovy et al., 2015).
Furthermore, other studies showed that the production of 8-
year-old oil palm plantations in spodosols reaches over 26
tons ha following the proper and continuous application of
these techniques (Santoso et al., 2013).

One of the keys to optimizing oil palm yield in spodosols is
providing sufficient space for root growth. Applying soil
amelioration, soil and water conservation, and proper
fertilization can significantly affect production when root
development is not disturbed. The spodic layer on spodosols
should be at least 75 cm for proper growth and development
of oil palm roots (Wiratmoko et al., 2015). Furthermore, the
shallow spodic layer is one factor that inhibits oil palm root
growth at a depth of 0-30 cm (Safitri et al., 2018).

Several techniques have been used to provide space for
root development, one of which is breaking the spodic or
“hardpan” layer and creating individual big holes. This could
increase the yield of oil palm (Surianto, 2016). However, this
method is unsuitable when performed on spodosol that has
already been cultivated. Based on these conditions, it is
necessary to develop other techniques capable of maximizing
root growth and be flexibly applied to new and existing oil
palm plantations. Therefore, soil mounding, widely applied to
peatlands, remains an alternative (Samsuri et al., 2018).

Mounding is a conservation technique in which the soil is
placed in the weeding circle of oil palm (Priwiratama et al.,
2020). Mounding is applied using soil around plants or
mineral soil from other places. This technique can be carried
out at all mature oil palm ages. Furthermore, the usual height
of the mound is approximately 20-30 cm, and the radius is up
to 150 cm. Applying this technique to peat soil using mineral
soil is intended to prevent the collapse of oil palm trees. The
palm roots tend to appear above the ground when mounding
is not applied. However, it enhances root development when
being used. It can also help to increase bulk density and oil
palm yield (Samsuri et al., 2018). This mounding technique is
also often used on oil palm infected by Ganoderma boninense
so that they do not collapse quickly (Priwiratama et al., 2020).

Information regarding the application of mounding
techniques in peat soil using mineral soils have been widely
reported (Sakuntaladewi et al., 2022; Wahyudi, 2022). In
addition, information regarding the application of this
technique to extend the life of oil palm infected by
Ganoderma boninense has also been extensively studied
(Hushiarian et al., 2013; Wong et al., 2021). However, the
effects of applying mounding techniques for oil palm
plantations on spodosols remain minimal. Therefore, it needs
to be further investigations. This study aimed to provide
information on soil conditions, physiological performance,
and oil palm production in spodosols by applying the
mounding technique.
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2. MATERIALS AND METHODS

This study was conducted on an oil palm plantation as part
of the Wilmar Groups Central Kalimantan Project (CKP),
Sampit, Central Kalimantan, Indonesia. The soil type and
average temperature are Typic Haplohumod and 27.23°C.
Furthermore, the average maximum and minimum
temperatures are 32.51°C and 23.55°C, respectively. The site
has an average humidity and solar radiation of 82.98% and
17.70 MJt m?-1day?® (NASA, 2022). It has an average annual
equatorial rainfall from 2014 to 4188 mm year*. Additionally,
the rainy days are from 114-221 rainy days year!. The
months with the highest rainfall are between October and
December, while the lowest is between July and September.
Pradiko, Ginting, et al. (2016) stated that the Central
Kalimantan region is often affected by drought due to the
ENSO anomaly.

This study was conducted on eight well-managed blocks
of oil palm planted in 2008 (age 14 years). A total of four
blocks were used as control blocks without mounding while it
was applied to the remaining. As a result, the total control and
mounding blocks were 159.38 ha and 127.84 ha, respectively.
The technique was applied by digging the soil in the interrow
and placing the excavated spodosols on a weeding circle. The
mounding has a height of 40 cm with a length and width of
200 cm (Figure 1A). In 2015, the mounding technique was
implemented, but in 2019, it was expanded to the remaining
four controls because the block subjected to mounding
experienced a considerable production boost compared to
before the application.

The parameter observed in this study was the blocks' palm
yield (tons ha) from 2011-2021. Furthermore, the actual
transpiration was also observed based on the Heat Ratio
Method (HRM) using a sap flow meter (SFM1) provided by ICT
International. Sap flow observations were conducted in June
2022 and installed on frond number 17. The transpiration was
measured for two days with data acquisition intervals of
every 10 minutes. Four sap flow sensors were installed on two
randomly selected trees in the mounding blocks (M1 and M2)
and two in the non-mounding blocks (C1 and C2). Since the
blocks were already mounded when sap flow observation was
conducted, physiological performance observations on oil
palm trees were performed in the closest block that had not
yet been mounded. The process of installing tools, data
acquisition, and processing data to produce the actual
transpiration value of plants followed the study of Pradiko,
Rahutomo, et al. (2022).

Soil moisture was monitored using a soil moisture meter
(SMM) MP 406 produced by ICT International. This tool can
measure soil moisture continuously based on the volumetric
method. Measurement of soil moisture was conducted in
June 2022, or almost seven years after treatment. Its
measurements were installed on mounding and non-
mounding circle weeding with a depth of 15-20 cm.
Measurements were carried out for three days with data
acquisition intervals every 10 minutes. The observations were
located on trees that were installed with sap flow.
Furthermore, the same setting was also done for the control
block. Figure 1A presents the installation scheme of the SFM1
and SMM tools. Figure 1B shows the condition of the
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Figure 1. (A) lllustration of sap flow and soil moisture measurement (the oil palm picture modified from (Pradiko, Rahutomo,
et al., 2022). The left picture is the measurement of oil palm with mounding application, while the right is the control. (B)
Mounding application on an oil palm plantation. (C) Excavated or newly made pit to create mounding eventually became a
microsite to accommodate excess water during the rainy season and maintain moisture during the dry season. The pit’s
dimensions were 300 cm of length, 100 cm of width, and 40-50 cm of depth
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Figure 2. Soil moisture fluctuations in control (C1 and C2) and mounding blocks (M1 and M2)
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mounding application. Figure 1C depicts the newly made pit
that formed from the mounding creation.

Statistics software R version 4.0.4 and R-studio version
1.4.1106 were used for data analysis and interpretation.
Descriptive analysis was conducted to determine the trend of
oil palm vyield, the diurnal pattern of sap flow, and soil
moisture dynamics. The data on productivity, transpiration
rate, and soil moisture between the control and mounding
blocks were statistically analyzed using a student's t-test
(alpha = 10%). However, the productivity analysis was only
performed by comparing the data from 2011-2019.
Furthermore, a t-test was conducted on the yield difference
between mounding and control blocks before and after 2015.

3. RESULT
3.1 Soil Moisture Fluctuation

Figure 2 shows the soil moisture observations in the
selected treatments during June 2022. Soil moisture was
higher with mounding. Soil moisture in mounding soil was 5-
10% higher than in control. The drastic increase that occurred
on June 2, 2022, was due to rain. After that, soil moisture
tended to decrease. The decrease in soil moisture to the
initial position was probably different due to differences in
soil texture composition. The increase in soil moisture during
observation after June 2022 at 12.00 was due to rain. The
results of the t-test (Figure 5A) showed that the soil moisture
with and without mounding treatment was significantly
different. The average moisture in mounding soil was more

than 27%, while in soil without mounding was only about 23%.

Therefore, it indicated that the treatment could increase soil
moisture.
3.2 Transpiration Rate Dynamic

Figure 3 shows the sap flow observation. The plants with
mounding had a higher sap flow rate. The sap flow of oil palms
with mounding soil (M1 and M2) was higher than palms
without mounding, especially during the day. The sap flow
generally increased after sunrise (06:00 local time) and
decreased before 15:00 local time. From 15:00 to 06:00 local
time, the sap flow rate decreased and approached zero. The
maximum value of sap flow in the M1 and M2 treatments
were 516.79 and 472.96 cm? hour, respectively. The sap flow
rate increased and peaked during the day when solar
radiation and air temperature conditions were higher while
the humidity was lower. Meanwhile, the maximum value of
sap flow in treatments C1 and C2 was 376.26 and 386.16 cm?®
hour?, respectively. The maximum value of sap flow was
generally observed at 10:00 to 12:00 local time or near
midday. The average sap flow at night and during the day in
oil palm with mounding was 97.66 cm?® hour™, while in oil
palm without mounding was only 80.03 cm? hour™. The t-test
analysis results also showed a significant difference between
the palms with and without mounding (Figure 5C).

Figure 5D presents the actual transpiration estimation.
The actual transpiration was obtained by multiplying the sap
flow with the petiole area and the number of fronds. The
transpiration rate of oil palm with mounding treatment was
between 1.56-2.30 mm dayl. Meanwhile, the transpiration in
the control treatment was approximately three times lower
than mounding, which ranged from 0.80-0.86 mm day™. It is
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because of the high content of soil moisture that it contains
in the mounding treatment. Finally, it supports that besides
climatic conditions, soil moisture also strongly influences the
transpiration of oil palm.

3.3 Oil palm yield

Figure 4 presents the yield data, the average number of
bunches, and the weight of bunches. In general, the number
of bunches decreased with the age of the palm. Meanwhile,
the average weight of bunches increased with increasing oil
palm age. Before the application of mounding in 2015, the
productivity of the mounded blocks tended to be lower than
the control. However, a higher productivity increase was
experienced after mounding than the control.

There was a significant increase in production that
occurred two years after the treatment. This lag exists
because oil palm, specifically the roots, adapted to the new
environmental conditions. Moreover, the increase in plant
productivity in the mounding treatment was due to a
significant increase in the number of bunches. It showed that
the application of mounding could overcome stress on oil
palm, especially in critical phase I, namely during sex
determination, which occurred about two years before the
bunches were harvested. Finally, statistical analysis showed
that the treatment of spodosols had a significant effect on oil
palm yields (Figure 5B). Figure 5B shows each treatment's
average yield increment data for 2011-2015 (before 2015)
and 2016-2019 (after 2015). The average yield of oil palms
with moundingincreased by 11.15 tons FFB (fresh fruit bunch)
ha!, while that of oil palms without mounding increased by
6.64 tons FFB ha. After mounding application, oil palms
experienced an increase of 1.84-3.71 tons FFB ha year™ (with
a mean of 2.79 tons FFB ha? year?). Meanwhile, oil palms
without mounding experienced an increase in yield of 1.04-
2.22 tons FFB ha™ year™ (with an average of 1.66 tons FFB ha
year?).

4, DISCUSSION

The mounding technique was proven to be able to
improve the level of soil moisture. Soil moisture was one of
the factors that affected the root development (Haniff et al.,
2014; Intara et al., 2018; Zhang et al., 2019). The root density
is directly proportional to the soil moisture. The previous
study showed that oil palm's secondary and tertiary roots
were more likely discovered in a radius of >150 cm, indicating
higher soil moisture (Pradiko et al., 2020; Pradiko, Hidayat, et
al., 2016). In this study, moisture in mounding soil was higher
than in the soil without mounding (Figure 5A). The implication
is that the distribution of roots in the mounding area will be
greater than without mounding. The results of the
preliminary study (data not shown) indicated that the
mounding application could increase the distribution of the
total roots up to 14 times. It was in line with a previous study
that stated application of mounding on saplings of Norway
spruce (Picea abies) and Scots Pine (Pinus sylvestris) produced
a deeper root system (Celma et al., 2019).

The newly made pit (Figure 1C) that formed to create the
mounding in the interrow can accommodate excess water in the
rainy season and maintain soil moisture during the dry season.
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Figure 3. Variation in sap flow rate in the control blocks (C1 and C2) and mounding (M1 and M2). It peaked during the day
and then declined to near zero in the evening until late in the morning
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Figure 4. Yield (A), the average number of bunches (B), and average bunch weight (C) of oil palm on control blocks (black
boxplot) and mounding (grey boxplot) for the period 2011-2021. The application of mounding on the mounding
blocks was marked by an extensive-dotted line, while a line marked mounding application on the control blocks
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treatment at a significant level of 10%.

It was following the previous study by Celma et al. (2019). As
a result, the pits increased the soil water content (Bohluli et
al., 2012). The newly made pit could also reduce nutrient loss
due to surface runoff and erosion (Masnang et al., 2022).

Mounding (Figure 1A and 1B) provided additional space
for roots to grow. Safitri et al. (2018) stated that the oil palm
root in spodosols could not develop properly because of a
shallow spodic layer. The addition of approximately 40 cm of
mounding soil creates space for the root to grow (Figure 1A).
For example, the plant roots have a total of 70 cm of space to
grow when the mean spodic later is 30 cm. Proper root
growth and development increases plants' chances of
uptaking nutrients and water (Intara et al., 2018).

The sap flow rate was influenced by several climatic
factors and soil moisture (Pradiko, Rahutomo, et al., 2022).
The mounded oil palm had higher sap flow rates during the
day because they were supported by higher soil moisture
(Figure 5C). This implied that the transpiration rate of these
palms would be higher. The availability of water strongly
impacts the transpiration rate of oil palms. Brum et al. (2021)
stated that oil palm with a sufficient water supply during the
dry season would have a higher transpiration rate.

The transpiration rate of oil palm with mounding ranges
from 1.5-2.3 mm day? (Figure 5D). It is higher than a 5-year-
old oil palm, which is about 0.46 mm day? (Pradiko, Darlan,
et al., 2022), 1.15 mm day! in 5-year-old palms in Colombia
(Bayona-Rodriguez & Romero, 2016), and 0.82-1.66 mm days"
Lin 14-year-old palms (Pradiko, Rahutomo, et al., 2022). A
higher transpiration rate will increase the rate of
photosynthesis. Therefore, the photosynthesis rate
influences oil palm production. Romero et al. (2022) stated
that crop production depends on the photosynthetic
performance of the canopy.

Qil palm productivity in the study blocks was in a phase of
a significant increment (Figure 4A), which occurs between 9-

16 years old. In some cases, the increase in production began
to plateau and tended to decline before reaching the age of
16 (Kome & Tabi, 2019). However, in 2016 and 2017, there
was a decrease in production. The prolonged drought due to
El Nifio caused a decline in production in the observation
blocks (Darlan et al., 2016). It was slightly higher in the
mounding block because the palms also adjusted to
environmental conditions. However, in subsequent drought
stress cases, namely in 2018 and 2019, the mounding
treatment had a yield and an average number of bunches
much higher than the control block (Figure 4B). These
differences indicated that mounding could reduce stress on
oil palm during critical phases, especially in 6-24 months
before bunches were harvested (Woittiez et al., 2017).
Therefore, more bunches could be developed and harvested
than plants in the control block.

Based on the explanation above, the mounding technique
improved soil moisture (Figure 2) and increased oil palm
transpiration rate (Figure 5D) and production (Figure 4C).
However, it would be better to combine the treatment with
organic materials, such as Empty Fruit Bunch (EFB) which
could increase the root growth (Santoso et al.,, 2019). The
techniques need to be combined with cover crop
management to reduce the erosion rate (Fuady et al., 2019),
help maintain soil moisture, and the litter can enrich soil
organic matter (Ariyanti et al., 2016).

5. CONCLUSION

Applying the mounding technique on oil palm planted in
spodosols could increase soil moisture by up to 10%
compared to without mounding. The oil palm absorbed
excess soil moisture to increase the rate of transpiration. The
oil palm transpiration with mounding treatment was three
times higher than without mounding. The oil palm with
mounding minimized the effects of drought stress, so the
number of bunches produced was much higher than plants
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without mounding. As a result, the oil palm yield was more
significant than it would have been without mounding. It has
been demonstrated that mounding improved the
ecophysiological conditions of oil palm in spodosols.

Declaration of Competing Interest

The authors declare that no competing financial or
personal interests that may appear and influence the work
reported in this paper.

References

Adiwiganda, R., Koedadiri, A. D., & Poeloengan, Z. (1993).
Karakterisasi Tanah Spodosol pada Formasi Geologi
Minas (Qpmi). Buletin Pusat Penelitian Kelapa Sawit,
1(2), 163-173.

Agroklimat, P. P. T. d. (2000). Sumberdaya lahan indonesia
dan pengelolaannya. Pusat Penelitian Tanah dan
Agroklimat Badan Penelitian dan Pengembangan
Pertanian Departemen Pertanian.
https://www.worldcat.org/title/sumberdaya-lahan-
indonesia-dan-pengelolaannya/oclc/52380917

Ariyanti, M., Yahya, S., Murtilaksono, K., Suwarto, S., &
Siregar, H. H. (2016). Water Balance in Qil Palm
Plantation with Ridge Terrace and Nephrolepis
biserrata as Cover Crop. Journal of Tropical Crop
Science, 3(2). https://doi.org/10.29244/jtcs.3.2.35-55

Bayona-Rodriguez, C. J., & Romero, H. M. (2016). Estimation
of transpiration in oil palm (Elaeis guineensis Jacq.)
with the heat ratio method. Agronomia Colombiana,
34(2), 172-178.
https://doi.org/10.15446/agron.colomb.v34n2.55649

Bohluli, M., Teh, C., Husni, A., & Zaharah, A. (2012). The
effectiveness of silt pit as a soil, nutrient and water

conservation method in non-terraced oil palm
plantations. Proceedings of the Soil Science
Conference of Malaysia,

https://www.researchgate.net/profile/Mohsen-
Bohluli/publication/304856350_The_effectiveness_of
_silt_pit_as_a_soil_nutrient_and_water_conservatio
n_method_in_non-
terraced_oil_palm_plantations/links/597f800ca6fdcc
1a9acec119/The-effectiveness-of-silt-pit-as-a-soil-
nutrient-and-water-conservation-method-in-non-
terraced-oil-palm-plantations.pdf

Brum, M., Oliveira, R. S., Lopez, J. G, Licata, J., Pypker, T., Chia,
G. S., Tinoco, R. S., & Asbjornsen, H. (2021). Effects of
irrigation on oil palm transpiration during ENSO-
induced drought in the Brazilian Eastern Amazon.
Agricultural Water Management, 245, 106569.
https://doi.org/10.1016/j.agwat.2020.106569

Celma, S., Blate, K., Lazdina, D., Dimins, K., Neimane, S., Stals,
T. A., & Stikane, K. (2019). Effect of soil preparation
method on rootdevelopment of P. sylvestris and P.
abies saplings in commercial foreststands. New
Forests, 50(2), 283-290.
https://doi.org/10.1007/s11056-018-9654-4

Darlan, N. H., Pradiko, I., & Siregar, H. H. (2016). Dampak el
nino 2015 terhadap performa tanaman kelapa sawit di
bagian selatan sumatera (effect of el nino 2015 on oil

227

SAINS TANAH — Journal of Soil Science and Agroclimatology, 19(2), 2022

palm performance in southeastern part of sumatera).
Jurnal  tanah dan  iklim, 40(2), 113-120.
https://doi.org/10.2017/jti.v40i2.3146

de Menezes, A. R., Fontana, A., & dos Anjos, L. H. C. (2018).
Spodosols in Brazil: distribution, characteristics and
diagnostic attributes of spodic horizons. South African
Journal of Plant and Soil, 35(4), 241-250.
https://doi.org/10.1080/02571862.2017.1410734

Fuady, Z., Satriawan, H., & Agusni, A. (2019). Effects of
Combination of Inorganic and Organic Fertilizers
Application on Morphology and Physiology of
Immature Qil Palm. PLANTA TROPIKA: Jurnal Agrosains
(Journal of Agro Science); Vol 7, No 1 (2019)DO -
10.18196/pt.2019.096.73-81.
https://doi.org/10.18196/pt.2019.096.73-81

Haniff, M., Zuraidah, Y., & Roslan, M. (2014). Qil palm root
study at a northern region in Peninsula Malaysia.
International Journal of Agriculture Innovations and
Research, 3(3), 797-801.
https://ijair.org/index.php/issues?view=publication&t
ask=show&id=406

Hushiarian, R., Yusof, N. A., & Dutse, S. W. (2013). Detection
and control of Ganoderma boninense: strategies and
perspectives. SpringerPlus, 2(1), 555.
https://doi.org/10.1186/2193-1801-2-555

Intara, Y. I, Nusantara, A. D., Supanjani, S., Caniago, Z., &
Ekawita, R. (2018). Qil Palm Roots Architecture in
Response to Soil Humidity. International Journal of Oil
Palm, 1(2), 79-89.
http://www.ijop.id/index.php/ijop/article/view/11

Kome, G. K., & Tabi, F. 0. (2019). Towards sustainable oil palm
plantation management: Effects of plantation age and
soil parent material. Agricultural Sciences, 11(1), 54-
70. https://doi.org/10.4236/as.2020.111004

Leslie, D. M., Philomena, G., & Morrison, R. J. (2015). Two
Lowland Tropical Spodosols from the Fiji Islands: First
Report from Small Islands. Pacific Science, 69(3), 399-
409. https://doi.org/10.2984/69.3.8

Masnang, A., Jannah, A., Andriyanty, R., & Haryati, U. (2022).
The Effectiveness and Valuation of Using Silt Pit to
Reduce Erosion and Nutrient Loss of Andosol. Journal
of Tropical Soils, 27(1), 27-35.
https://doi.org/10.5400/jts.2022.v27i1.27-35

Mohd Yusoff, K. H., Abdu, A., Sakurai, K., Tanaka, S., & Kang,

Y. (2017). Influence of agricultural activity on soil

morphological and physicochemical properties on

sandy beach ridges along the east coast of Peninsular

Malaysia. Soil Science and Plant Nutrition, 63(1), 55-66.

https://doi.org/10.1080/00380768.2016.1255127

(2022). The POWER Project. NASA - National

Aeronautics and Space Administration

Pradiko, I., Darlan, N. H., Ginting, E. N., & Syarovy, M. (2022).
Teknik Estimasi Transpirasi Tanaman Kelapa Sawit
dengan Metode Heat Ratio. Jurnal Penelitian Kelapa
Sawit, 30(1), 27-36.
https://doi.org/10.22302/iopri.jur.jpks.v30i1.181

Pradiko, I., Farrasati, R., Rahutomo, S., Ginting, E. N., Candra,
D. A. A, Krissetya, Y. A., & Mahendra, Y. S. (2020).
Pengaruh iklim terhadap dinamika kelembaban tanah

NASA.


https://www.worldcat.org/title/sumberdaya-lahan-indonesia-dan-pengelolaannya/oclc/52380917
https://www.worldcat.org/title/sumberdaya-lahan-indonesia-dan-pengelolaannya/oclc/52380917
https://doi.org/10.29244/jtcs.3.2.35-55
https://doi.org/10.15446/agron.colomb.v34n2.55649
https://www.researchgate.net/profile/Mohsen-Bohluli/publication/304856350_The_effectiveness_of_silt_pit_as_a_soil_nutrient_and_water_conservation_method_in_non-terraced_oil_palm_plantations/links/597f800ca6fdcc1a9acec119/The-effectiveness-of-silt-pit-as-a-soil-nutrient-and-water-conservation-method-in-non-terraced-oil-palm-plantations.pdf
https://www.researchgate.net/profile/Mohsen-Bohluli/publication/304856350_The_effectiveness_of_silt_pit_as_a_soil_nutrient_and_water_conservation_method_in_non-terraced_oil_palm_plantations/links/597f800ca6fdcc1a9acec119/The-effectiveness-of-silt-pit-as-a-soil-nutrient-and-water-conservation-method-in-non-terraced-oil-palm-plantations.pdf
https://www.researchgate.net/profile/Mohsen-Bohluli/publication/304856350_The_effectiveness_of_silt_pit_as_a_soil_nutrient_and_water_conservation_method_in_non-terraced_oil_palm_plantations/links/597f800ca6fdcc1a9acec119/The-effectiveness-of-silt-pit-as-a-soil-nutrient-and-water-conservation-method-in-non-terraced-oil-palm-plantations.pdf
https://www.researchgate.net/profile/Mohsen-Bohluli/publication/304856350_The_effectiveness_of_silt_pit_as_a_soil_nutrient_and_water_conservation_method_in_non-terraced_oil_palm_plantations/links/597f800ca6fdcc1a9acec119/The-effectiveness-of-silt-pit-as-a-soil-nutrient-and-water-conservation-method-in-non-terraced-oil-palm-plantations.pdf
https://www.researchgate.net/profile/Mohsen-Bohluli/publication/304856350_The_effectiveness_of_silt_pit_as_a_soil_nutrient_and_water_conservation_method_in_non-terraced_oil_palm_plantations/links/597f800ca6fdcc1a9acec119/The-effectiveness-of-silt-pit-as-a-soil-nutrient-and-water-conservation-method-in-non-terraced-oil-palm-plantations.pdf
https://www.researchgate.net/profile/Mohsen-Bohluli/publication/304856350_The_effectiveness_of_silt_pit_as_a_soil_nutrient_and_water_conservation_method_in_non-terraced_oil_palm_plantations/links/597f800ca6fdcc1a9acec119/The-effectiveness-of-silt-pit-as-a-soil-nutrient-and-water-conservation-method-in-non-terraced-oil-palm-plantations.pdf
https://www.researchgate.net/profile/Mohsen-Bohluli/publication/304856350_The_effectiveness_of_silt_pit_as_a_soil_nutrient_and_water_conservation_method_in_non-terraced_oil_palm_plantations/links/597f800ca6fdcc1a9acec119/The-effectiveness-of-silt-pit-as-a-soil-nutrient-and-water-conservation-method-in-non-terraced-oil-palm-plantations.pdf
https://www.researchgate.net/profile/Mohsen-Bohluli/publication/304856350_The_effectiveness_of_silt_pit_as_a_soil_nutrient_and_water_conservation_method_in_non-terraced_oil_palm_plantations/links/597f800ca6fdcc1a9acec119/The-effectiveness-of-silt-pit-as-a-soil-nutrient-and-water-conservation-method-in-non-terraced-oil-palm-plantations.pdf
https://doi.org/10.1016/j.agwat.2020.106569
https://doi.org/10.1007/s11056-018-9654-4
https://doi.org/10.2017/jti.v40i2.3146
https://doi.org/10.1080/02571862.2017.1410734
https://doi.org/10.18196/pt.2019.096.73-81
https://ijair.org/index.php/issues?view=publication&task=show&id=406
https://ijair.org/index.php/issues?view=publication&task=show&id=406
https://doi.org/10.1186/2193-1801-2-555
http://www.ijop.id/index.php/ijop/article/view/11
https://doi.org/10.4236/as.2020.111004
https://doi.org/10.2984/69.3.8
https://doi.org/10.5400/jts.2022.v27i1.27-35
https://doi.org/10.1080/00380768.2016.1255127
https://doi.org/10.22302/iopri.jur.jpks.v30i1.181

Suwardi et al.

di piringan pohon tanaman kelapa sawit. WARTA Pusat

Penelitian Kelapa Sawit, 25(1), 39-51.
https://warta.iopri.org/index.php/Warta/article/view
/10

Pradiko, I., Ginting, E. N., Darlan, N. H., Winarna, & Siregar, H.
H. (2016). Hubungan Pola Curah Hujan dan Performa
Tanaman Kelapa Sawit di Pulau Sumatra dan
Kalimantan Selama El Nino 2015. Jurnal Penelitian
Kelapa Sawit, 24(2), 87-96.
https://doi.org/10.22302/iopri.jur.jpks.v24i2.11

Pradiko, I., Hidayat, F., Darlan, N. H., Santoso, H., Winarna,
W., Rahutomo, S., & Sutarta, E. S. (2016). Distribusi
Perakaran Kelapa Sawit dan Sifat Fisik Tanah pada
Ukuran Lubang Tanam dan Aplikasi Tandan Kosong
Sawit yang Berbeda. Jurnal Penelitian Kelapa Sawit,
24(1), 23-38.
https://doi.org/10.22302/iopri.jur.jpks.v24i1.4

Pradiko, I., Rahutomo, S., Farrasati, R., Ginting, E. N., Hidayat,
F., & Syarovy, M. (2022). Transpiration of oil palm

(Elaeis guineensis Jacq.) based on sap flow
measurement: the relation to soil and climate
variables. Journal of Oil Palm Research, 33.

https://doi.org/10.21894/jopr.2022.0035
Priwiratama, H., Prasetyo, A., & Susanto, A. (2020). Incidence
of basal stem rot disease of oil palm in converted
planting areas and control treatments. IOP Conference
Series: Earth and Environmental Science,
https://doi.org/10.1088/1755-1315/468/1/012036
Romero, H. M., Guataquira, S., & Forero, D. C. (2022). Light
Interception, Photosynthetic Performance, and Yield
of Qil Palm Interspecific OxG Hybrid (Elaeis oleifera
(Kunth) Cort&eacute;s x Elaeis guineensis Jacq.) under
Three Planting Densities. Plants, 11(9), 1166.
https://doi.org/10.3390/plants11091166
L., Suryanti, S., Kautsar, V., Kurniawan, A., &
Santiabudi, F. (2018). Study of oil palm root
architecture with variation of crop stage and soil type
vulnerable to drought. IOP Conference Series: Earth
and Environmental Science, 141(1), 012031.
https://doi.org/10.1088/1755-1315/141/1/012031
Sakuntaladewi, N., Rachmanadi, D., Mendham, D., Yuwati, T.
W., Winarno, B., Premono, B. T., Lestari, S., Ardhana,
A., Ramawati, Budiningsih, K., Hidayat, D. C., & Igbal,
M. (2022). Can We Simultaneously Restore Peatlands
and Improve Livelihoods? Exploring Community Home
Yard Innovations in Utilizing Degraded Peatland. Land,
11(2), 150. https://doi.org/10.3390/land11020150
Samsuri, S., Abdul Gani, H., Wahab, S., & H, N. (2018). Soil
Mounding Practices Towards Yield Performances of Oil
Palm on Peat Soil. International Journal on Advanced
Science, Engineering and Information Technology, 8,
727. https://doi.org/10.18517/ijaseit.8.3.2751
Santoso, A., Rauf, A., & Sabrina, T. (2019). Utilization of Qil
Palm Empty Fruit Bunch (EFB) as Spodosol Soil
Ameliorant for Increasing Oil Palm Root Growth.
IC2RSE2019, 452. https://doi.org/10.4108/eai.4-12-
2019.2293827
Santoso, H., Sutarta, E. S., & Darmosarkoro, W. (2013).
Pengelolaan Tanah dam Penggunaan Pupuk NPK

Safitri,

228

SAINS TANAH — Journal of Soil Science and Agroclimatology, 19(2), 2022

Palmo pada Tanah Spodosols di PT Bumitama
Gunajaya Agro. Pusat Penelitian Kelapa Sawit.
Santoso, H., Syarovy, M., Pradiko, I., & Winarna. (2015).
Penggunaan Fly Ash sebagai Alternatif Bahan
Amelioran pada Tanah Berpasir (Spodosol) di
Perkebunan Kelapa Sawit. Prosiding Pertemuan Teknis
Kelapa Sawit 2015,
https://www.researchgate.net/publication/35165678
6_Penggunaan_fly_ash_sebagai_alternatif_bahan_a
melioran_pada_tanah_berpasir_Spodosol_di_perkeb
unan_kelapa_sawit

Surianto. (2016). BMPs of oil palm in sandy soil. International
Seminar on Best Management Pratices of Oil Palm on
Marginal Land, The International Society of Oil Palm
Agronomists, Pematang Siantar.
https://agroklimatologippks.files.wordpress.com/201
6/10/presentation-isopa-mpob-iopri-dr-surianto.pdf

Surianto, Abdul-Rauf, T, S., & Sutarta, E. S. (2015). Big Hole —
Oil Palm Planting Technique on Spodosol Soil in East
Barito - Central Borneo - Indonesia. Journal of
Agriculture and Life Sciences, 2(1), 159-165.
http://jalsnet.com/journals/Vol_2_No_1_ June_2015/
21.pdf

Syarovy, M., Ginting, E. N., Wiratmoko, D., & Santoso, H.
(2015). Optimalisasi Pertumbuhan Tanaman Kelapa
Sawit di Tanah Spodosol. Jurnal Pertanian Tropik, 2(3),
340- 347. https://doi.org/10.32734/jpt.v2i3.2942

Syuhada, A. B., Shamshuddin, J., Fauziah, C. I., Arifin, A., &
Rosenani, A. B. (2014). Formation and Characteristics
of Spodosols formed on Sandstone in the Extremely
High Rainfall Area of Sarawak, Malaysia. Asian Journal
of Agriculture and Food  Sciences, 2(2).
https://www.ajouronline.com/index.php/AJAFS/articl
e/view/1088

Wahjuni, H., Jauhar, A., Triyono, S., Syahrinudin, & Daddy, R.
(2021, 2021/04/10). Spodosols of East Kalimantan.
Proceedings of the Joint Symposium on Tropical
Studies (JSTS-19),
https://doi.org/10.2991/absr.k.210408.066

Wahyudi, W. (2022). Comparing conventional peat swamp
versus mound peat swamp on the growth of Pantung
(Dyera lowii) plants in peat swamp land. IOP
Conference Series: Earth and Environmental Science,
959(1), 012004.  https://doi.org/10.1088/1755-
1315/959/1/012004

Wiratmoko, D., Darlan, N. H., Winarna, & Purba, A. R. (2015).
Teknologi Pengelolaan Lahan Sub Optimal untuk
Optimalisasi Produksi Kelapa Sawit. Seminar
Optimalisasi Pemanfaatan Lahan Marginal untuk
Usaha Perkebunan

Woittiez, L. S., van Wijk, M. T., Slingerland, M., van Noordwijk,
M., & Giller, K. E. (2017). Yield gaps in oil palm: A
guantitative review of contributing factors. European
Journal of Agronomy, 83, 57-77.
https://doi.org/10.1016/j.eja.2016.11.002

Wong, W. C., Tung, H. J., Fadhilah, M. N., Midot, F., Lau, S. Y.
L., Melling, L., Astari, S., Hadziabdic, D., Trigiano, R. N.,
Goh, K. J., & Goh, Y. K. (2021). Genetic diversity and
gene flow amongst admixed populations of


https://warta.iopri.org/index.php/Warta/article/view/10
https://warta.iopri.org/index.php/Warta/article/view/10
https://doi.org/10.22302/iopri.jur.jpks.v24i2.11
https://doi.org/10.22302/iopri.jur.jpks.v24i1.4
https://doi.org/10.21894/jopr.2022.0035
https://doi.org/10.1088/1755-1315/468/1/012036
https://doi.org/10.3390/plants11091166
https://doi.org/10.1088/1755-1315/141/1/012031
https://doi.org/10.3390/land11020150
https://doi.org/10.18517/ijaseit.8.3.2751
https://doi.org/10.4108/eai.4-12-2019.2293827
https://doi.org/10.4108/eai.4-12-2019.2293827
https://www.researchgate.net/publication/351656786_Penggunaan_fly_ash_sebagai_alternatif_bahan_amelioran_pada_tanah_berpasir_Spodosol_di_perkebunan_kelapa_sawit
https://www.researchgate.net/publication/351656786_Penggunaan_fly_ash_sebagai_alternatif_bahan_amelioran_pada_tanah_berpasir_Spodosol_di_perkebunan_kelapa_sawit
https://www.researchgate.net/publication/351656786_Penggunaan_fly_ash_sebagai_alternatif_bahan_amelioran_pada_tanah_berpasir_Spodosol_di_perkebunan_kelapa_sawit
https://www.researchgate.net/publication/351656786_Penggunaan_fly_ash_sebagai_alternatif_bahan_amelioran_pada_tanah_berpasir_Spodosol_di_perkebunan_kelapa_sawit
https://agroklimatologippks.files.wordpress.com/2016/10/presentation-isopa-mpob-iopri-dr-surianto.pdf
https://agroklimatologippks.files.wordpress.com/2016/10/presentation-isopa-mpob-iopri-dr-surianto.pdf
http://jalsnet.com/journals/Vol_2_No_1_June_2015/21.pdf
http://jalsnet.com/journals/Vol_2_No_1_June_2015/21.pdf
https://doi.org/10.32734/jpt.v2i3.2942
https://www.ajouronline.com/index.php/AJAFS/article/view/1088
https://www.ajouronline.com/index.php/AJAFS/article/view/1088
https://doi.org/10.2991/absr.k.210408.066
https://doi.org/10.1088/1755-1315/959/1/012004
https://doi.org/10.1088/1755-1315/959/1/012004
https://doi.org/10.1016/j.eja.2016.11.002

Suwardi et al.

Ganoderma boninense, causal agent of basal stem rot
in African oil palm (Elaeis guineensis Jacg.) in Sarawak
(Malaysia), Peninsular Malaysia, and Sumatra
(Indonesia). Mycologia, 113(5), 902-917.
https://doi.org/10.1080/00275514.2021.1884815
Zhang, J., Wang, J., Chen, J., Song, H., Li, S., Zhao, Y., Tao, J., &
Liu, J. (2019). Soil Moisture Determines Horizontal and

229

SAINS TANAH — Journal of Soil Science and Agroclimatology, 19(2), 2022

Vertical Root Extension in the Perennial Grass Lolium
perenne L. Growing in Karst Soil [Original Research].
Frontiers in Plant Science, 10.
https://doi.org/10.3389/fpls.2019.00629


https://doi.org/10.1080/00275514.2021.1884815
https://doi.org/10.3389/fpls.2019.00629

	1. INTRODUCTION
	2. MATERIALS AND METHODS
	3.  RESULT
	3.1 Soil Moisture Fluctuation
	3.2 Transpiration Rate Dynamic
	3.3 Oil palm yield

	4. DISCUSSION
	5. CONCLUSION
	Declaration of Competing Interest
	References

